Eleven Landrace pigs (six boars and five gilts, 50 kg) representing lines selected for three generations for maximum weight at 200 d of age were compared to eight pigs (four boars and four gilts, 50 kg) representing contemporary randomly selected Landrace controls to determine the effect of selection for growth on the metabolic clearance rate (MCR) and plasma concentrations of porcine growth hormone (GH). To estimate MCR of GH, the disappearance of a bolus of porcine GH was monitored over 120 min following its i.v. injection. Blood samples also were collected every 15 min over a 6-h period before injecting GH to determine baseline and overall mean GH concentrations, mean peak amplitude and number of GH secretory episodes. Boars exhibited greater overall mean GH concentrations (4.80 vs 3.11 ng/ml; P < .05) and had greater maximum GH concentrations associated with secretory episodes (16.11 vs 10.80 ng/ml; P < .05) than did gilts. There were no differences between boars and gilts for GH baseline concentrations, frequency of GH secretory episodes or MCR. Selected pigs exhibited greater baseline GH concentrations (2.04 vs 1.25 ng/ml;P < .01) than did those from the unselected Landrace line. Selected and control pigs exhibited similar (P > .15) overall mean concentrations of GH, frequency of secretory episodes, amplitude of GH peaks and MCR. These data demonstrate that pigs selected for heavier weight at 200 d of age had greater basal plasma GH concentrations than did unselected control pigs.
Introduction
Although it has been well established that production and release of growth hormone (GH) from the anterior pituitary is essential for normal body growth, attempt to correlate plasma or serum GH to measures of growth in Received March, 7, 1988 . Accepted June 14, 1988 swine have had limited success (Siers and Swiger, 1971; Althen and Gerrits, 1976b) . One difficulty in attempting to assess the results of studies of plasma GH concentrations is that GH secretion is known to be pulsatile (Klindt and Stone, 1984) . Most studies have been conducted using either single or infrequent blood samples to reflect mean blood concentrations of GH. Further, plasma hormone concentrations are a function of both secretion rate and rate of clearance from the blood. Therefore, another informative approach for examining the manner in which an animal utilizes a particular hormone is the determination of the metabolic clearance rate (MCR).
A number of previous studies in cattle and sheep have suggested that animals selected for growth have greater plasma GH concentrations than unselected controls (Dodson et al., 1983; 3068 J. Anim. Sci, 1988. 66:3068-3072 Grigsby and Trenlde, 1986) . The same relationship, however, has not been established in pigs selected for growth. Thus, the objective of the present study was to determine the effect of selection for growth on the MCR of porcine GH and plasma concentrations and patterns of secretion of GH in pigs.
Materials and Methods
Eleven Landrace pigs (six boars and five gilts, 50 kg) representing a line selected for three generations for heavier weight at 200 d and eight Landrace pigs (four boars and four gilts, 50 kg) from an unselected control line were used in the study (Kuhlers and Jungst, 1986) . Pigs from control and select lines were paired by sex and randomly assigned by pairs to one of four observation days. The pigs were placed in individual gestation crates 2 to 3 d prior to cannulation and remained there during a blood sampling period. To facilitate blood sampling, on the day prior to sampling each pig was anesthetized with halothane and a cannula (1.016 mm i.d., 1.778 mm o.d., Tygon microbore tubing) was inserted into the jugular vein. Each pig was allowed free access to water and was fed at 1800 each day. Pigs were allowed to eat as much as desired. The morning of sampiing, access to food was denied, and 5-ml blood samples were taken into heparinized syringes every 15 min from 0800 to 1400.
To determine the MCR of GH, 80 /~g of porcine GH (USDA-pGH-B-1) was dissolved in 1 ml .01 M sodium bicarbonate and 9 ml saline, injected via the jugular cannula, and immediately followed with a 10-ml injection of physiological saline. Blood samples were collected at 5-min intervals for 30 rain and 10 min intervals for another 90 rain. Samples were dispensed into tubes containing heparin, centrifuged at 2,000 • g for 10 min and the plasma frozen at -15~ for later analysis of GH using a modification of the RIA technique described by Marple and Aberle (1972) . The radioiodination procedure was modified slightly in that iodinated GH (USDA-pGH-I-1) was prepared using 100//g of choramine T, and separation of bound and free antigen in the assay was completed in 1 h by adding 400//1 of equal parts of 1:25 sheep antiguinea pig gamma globulin and 6% polyethylene glycol 800 prepared 24 h before use. Serial dilutions of porcine plasma containing GH yielded a response curve parallel to the standard curve, and the assay detected the addition of GH to plasma (r = .99). Intraassay and interassay CV of the GH assay were 4.0 and 10.0%, respectively.
Data Analysis. Identification and analysis of the number of GH pulses, peak amplitude and baseline (trough) values were determined with an interactive adaptation of the PULSAR pulse analysis program of Merriam and Wachter (1982) modified to execute on the IBM Personal Computer and compatibles by Gitzen and Ramirez (1986) . For the purpose of using the program, a CV of 10% was assumed for all points on the standard curves for GH. To set the criteria for the identification of a GH pulse, individual cut-off values, G(n), were determined with respect to assay variation. Values were designated a peak if a single GH plasma value was 4.40 SD [G(1)] above the baseline GH level, 2.60 SD for two consecutive GH samples [G (2) 
Calculations for.Metabolic Clearance Rate.
The calculation of pool size and MCR were based on the methods of White et al. (1969) . For this study the parameters of GH metabolism were defined as follows: 1) MCR is the rate at which GH irreversibly leaves that compartment and 2) pool size is the volume in which GH is dispersed, where pool size (Q) in liters = P/(A1 + A2), Az and A2 are zero-time intercepts, kl and k2 are the fractional rate constant of each component, P is the amount of GH injected and MCR (liters/rain) = Q/((AI/kl) + (A2/k2).
Statistical Analysis. Treatments means were
analyzed by ANOVA for a 2 x 2 factorial arrangement using the GLM procedures of SAS (1982) . Treatment and sex main effects and treatment x sex interaction were tested with pigs within treatment X sex used as the error term to test each of these effects.
Results and Discussion
Data from all pigs were used to calculate number of secretory episodes during the 6-h period, maximum amplitude of GH peaks, baseline, overall mean GH concentration and MCR. However, eight animals (all four control boars, one control gilt, two selected boars and one selected gilt) did not meet the criterion to calculate the MCR (Figure 1) presented a spontaneous GH surge after GH infusion.
Overall mean GH concentration, number of peaks in the 6-h period, amplitude of GH peaks and the MCR were sin~lar between selected and control pigs (Table 1) . However, pigs from the selected line exhibited greater baseline GH concentrations (P < .01) compared with those from the unselected pigs. These results are in agreement with results reported by O'Sullivan et al. (1986) in rats; they found that baseline levels were greater in large than in small females. However, baseline values were not compared in males because large and small males displayed the characteristic low frequency, high amplitude male GH secretory pattern and, therefore, baseline periods were found where GH remained low or undetectable for 60 to 120 min. Studies in cattle also have shown that baseline GH concentrations were greater in Simmental than in Angus or Limousin (Grigsby and Trenkle, 1986) . In contrast, Dodson et al. (1983) found that baseline mean GH concentrations were not different between Targhee rams selected for rate and efficiency of gain for 1.5 generations compared with unselected Targhee rams. The overall mean GH concentration, however, was higher in the selected rams.
Previous studies have shown that swine genetically selected for at least 14 generations for increased backfat thickness had reduced serum GH at weaning and lower serum and pituitary GH concentration at slaughter than unselected control pigs (Althen and Gerrits, 1976b) . The method of sample collection (a single sample), however, failed to provide enough information to determine if the difference was due to changes in mean baseline GH concentration, mean GH amplitude, mean GH spike frequency or overall mean GH concentration. aconcentration of growth hormone in plasma samples (ng/ml).
bNumber of peaks in 6 h.
cMC R = metabolic clearance rate of GH expressed as liters/day.
dLeast squares means represent pooled data from selected and unselected lines.
e'fMeans in the same row with different superscripts differ (P < .01).
g'hMeans in the same row with different superscripts differ (P < .05).
Growth hormone secretion patterns in many species are influenced by the sex of animals. In the present study, boars exhibited greater overall mean GH concentrations (P <. 05) and greater amplitude of GH peaks (P < .05) than gilts. This result is in agreement with previous data obtained from cattle in which GH secretory patterns were significantly different between bulls and heifers (Irvin and Trenkle, 1971) . Baseline GH concentrations, frequency of secretory episodes and MCR were similar between boars and gilts (P > .1). No significant line • sex interactions were detected for any of the variables (Table 2) .
It also has been reported that intact rams exhibited GH secretory episodes of greater amplitude, mean baseline and mean overall GH concentrations than did castrated lambs (Davis et al., 1977) . In the male rat, individual GH peak amplitudes correlate with body size (O'Sullivan et al., 1986) . In contrast, results reported previously from barrows and gilts have failed to document such differences (Siers and Swiger, 1971; Siers and Trenkle, 1973 ; A/then and Gerrits, 1987b) . One possible explanation may be related to the method of sample collection. Plasma concentrations of GH have been demonstrated to fluctuate episodically in swine (Klindt and Stone, 1984) . As a result of the presence of pulsatile secretory patterns of GH, it was not possible to estimate accurately the average GH concentrations with single sampling methods as used by Siers and Swiger (1971) . In the present study, boars did have greater peak GI-I amplitudes than gilts. It is possible that the greater GH concentrations in the boars are due to an androgen effect. Androgen therapy has been reported to increase GH secretion in humans (Link et al., 1986) , sheep (Davis et al., 1977) and cattle (Grigsby and Trenkle, 1986) . Animals treated with androgens also grow faster and are leaner, all of which agrees with the known biological effects of GH.
Plasma GH concentrations in the rat occur in a consistent pattern, with spikes of GH secretion occurring in all animals at a similar time of day (O'Sullivan et al., 1986) . Such a pattern was not observed in the present study. Pigs exhibited about two secretory episodes per 6 h, but GH secretory episodes appear to occur spontaneously and randomly within pigs. This is in agreement with Klindt and Stone (1984) , who reported about eight secretory episodes per 24 h.
The MCR of GH reported here, 120 liters/d, is similar to that reported for humans, 108.4 + 8.1 liters/(m2.d) (Baumann, 1979) and sheep, 192 + 21.6 liters/d (Trenkle, 1976) . However, the mean MCR of GH reported here is considerably less than the 373 liters/d previously reported for swine (A/then and Gerrits, 1976a) . The discrepancy of the MCR values reported here and elsewhere (A/then and Gerrits, 1976a) may reflect differences in methodology of GH administration. The constant-infusion technique combined with a maximum dose of 60.6 ng of pGH/(min.kg) of BW, used by A/then and Gerrits (1976a), may have altered the normal physiological-metabolic state (Haynes, 1986) of the pigs, resulting in a high clearance or excretion of endogenously secreted GH, or may have suppressed GH secretion via negative feedback mechanism (Tannerbaum, 1980) . In summary, these data demonstrate that in aBasal = baseline GH concentration; Freq = number of secretory episodes during 6 h sampling period; Ampl = maximum amplitude of GH peaks; Mean = overall mean GH; MCR = metabolic clearance rate. *P < .05 for sex effect. **P < .01 for treatment (genetic selection) effect. addition to improved carcass composition (Kuhlers and Jungst, 1986) . selection for heavier weight at 200 d of age also has resulted in an enhanced ability to secrete GH. However, the mechanisms whereby selection for growth increases GH secretion remain to be determined.
